Background: Diabetic retinopathy (DR) is one of the major visual morbidities associated with diabetes. This study determined the levels of serum high-sensitivity C-reactive protein (hs-CRP) in patients with DR and to correlate the estimated levels of serum hs-CRP with the severity of DR and other coexisting factors. Methods: This was a cross-sectional study conducted between March 2009 and August 2010 and included patients with type 2 diabetes mellitus (T2DM) with or without DR. A detailed fundus evaluation was performed using direct and indirect ophthalmoscopy. The retinopathies were observed and documented in accordance with the Kanski's system of classification as background DR (BDR), pre-proliferative DR (PPDR), and proliferative DR (PDR). Laboratory investigations determined the levels of fasting blood glucose (FBG), postprandial blood glucose (PPBG), glycosylated hemoglobin, urine albumin excretion, and serum hs-CRP levels. Results: In total, 80 patients with T2DM were included (DR group, n=40 [BDR, n=22; PDR, n=11; PPDR, n=7]; control group, n=40). Highest serum hs-CRP levels were found in PDR group (6.68 mg/L), followed by PPDR and BDR group (3.2 mg/L and 1.56 mg/L, respectively). The PDR group showed the longest duration of diabetes (16 years), highest FBG (221.8 mg/dL) and HbA1c (6.68 mg/L). The incidence of albuminuria and maculopathy was higher in PDR group (72.7% and 54.54%, respectively). A significant association of hs-CRP levels with DR in patients with T2DM was observed. A significantly (<0.005) positive correlation of hs-CRP was also observed with age, duration of disease, FBG, PPBG, and HbA1c. Conclusions: Patients with severe grades of retinopathy had significantly higher hs-CRP levels than patients with the milder grades.
INTRODUCTION
Diabetes mellitus is one of the leading causes of mortality and morbidity owing to its complications, and it adds significant financial burden on both society and the healthcare system. Diabetic retinopathy (DR) is one of the major visual morbidities associated with diabetes that further leads to maculopathy and retinal neovascularization. 1 Patients with untreated diabetes are The exact sequence of events in the pathogenesis of DR is yet to be investigated while some studies propose microvascular occlusion, oxidative stress, inflammation and abnormal metabolic pathways to be critical contributors. 4, 5 Familial influence and genetic predisposition are other associated factors responsible for DR. 6, 7 Inflammation is a prime factor in DR progression; hence, therapeutic approaches like corticosteroids and anti-vascular endothelial growth factor are found effective in slowing the progression of DR. 8, 9 It is mainly classified as non-proliferative DR (NPDR) and proliferative DR (PDR) depending upon the presence of neovascularization, which is further subdivided into mild, moderate, and severe stages. The management of DR is successfully achieved via a combination therapeutic approach, such as glucose monitoring, laser therapy, and vitrectomy. Glycemic control plays an important role in the management of DR; however, despite this, few patients may still develop DR and some may be spared. 10 High-sensitivity C-reactive protein (hs-CRP), a measure of inflammation, is elevated in patients with diabetes and those with macro vascular complications. Therefore, it is considered to be a marker for cardiovascular and arterial diseases. Diabetes and hypertension are strongly associated with inflammation and vascular dysfunction and are considered to be the major risk factors for retinal disorders. The serum hs-CRP levels are positively associated with the severity of retinopathy. 10 There is limited information on the association between serum hs-CRP levels and DR and most of the results are inconclusive. This paper presents the results of a study that evaluated the serum hs-CRP levels in patients with DR. This study also evaluated the correlation of serum hs-CRP levels with the severity of DR and other coexisting factors including duration of diabetes and metabolic control of diabetes.
METHODS
This was a cross-sectional single-center study conducted between March 2009 and August 2010 at the Department of General Medicine, Pushpagiri Medical College, Thiruvalla, Kerala, India. The study protocol was approved by the Institutional Ethics Committee, and the study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki. Written informed consent was obtained from each participant before any study related procedure.
Patients of either sex aged more than 18 years with a confirmed diagnosis of type 2 diabetes mellitus (T2DM) were included in this study. Patients who were on medications or those with conditions known to affect Creactive protein (CRP) levels (angiotensin-converting enzyme inhibitors, nonsteroidal anti-inflammatory drugs, statins, aspirin, other concomitant infections, pregnancy), patients with ocular media opacity in both eyes that may interfere with detailed examination of the fundus, and patients with other degenerative lesions of the fundus were excluded from the study.
Following data related to diabetes was collected: age of onset, duration, nature, and effect of treatment received. A general physical examination was performed followed by a complete ophthalmic examination. A detailed fundus evaluation was performed using direct and indirect ophthalmoscopy. The retinopathies were observed and documented in accordance with the Kanski's system of classification as background diabetic retinopathy (BDR), pre-proliferative diabetic retinopathy (PPDR), and proliferative diabetic retinopathy (PDR).
In patients with asymmetric fundus findings, the eye with a more severe grade of DR was taken into consideration. Laboratory investigation was performed to determine the levels of fasting blood glucose (FBG), postprandial blood glucose (PPBG), glycosylated hemoglobin (HbA1c), and urine albumin excretion. Estimation of serum hs-CRP levels was done in vitro using flex reagent cartridge on the dimension clinical chemistry system. Categorical variables were expressed as frequencies and percentages, numerical variables as mean (standard deviation). Association between the parametric variables was evaluated using the Chi-square test. A comparison of data between the groups was performed using the student t-test. A p value of <0.01 was considered as statistically significant.
RESULTS
A total of 80 patients were included in the study (DR group, n=40 and without DR (control group), n=40). The patients from DR group (n=40) were further classified into 3 groups according to the stage of DR: BDR (n=22, 55%), PPDR (n=7, 17.50%), and PDR (n=11, 27.50%). The mean age of the patients in BDR, PPDR, PDR, and control group were 56.32, 65.14, 66.73, and 62.05 years, respectively. In all the groups, the number of women was higher than the number of men (Table 1) .
There was a significant difference in the duration of diabetes in all grades of retinopathy and control group. The PDR group had the longest duration of diabetes (16 years); however, the control group had the shortest duration of diabetes (9.37 years). The FBG was highest in the PDR (221.82 mg/dL) group and lowest in the control group (128.87 mg/dL). The mean levels of PPBG were higher in the PDR group (328.73 mg/dL) and lower in the control group (192.50 mg/dL). The mean HbA1c value was highest in the PDR group (10.84 mmol/mol), followed by PPDR and BDR group (9.34 mmol/mol and 8.96 mmol/mol, respectively). The highest mean serum hs-CRP levels were found in the PDR group (6.68 mg/L), followed by the PPDR and BDR groups (3.2 mg/L and 1.56 mg/L, respectively). The incidence of albuminuria and maculopathy was higher in the PDR group (72.72% and 54.54%, respectively) ( Table 1) . BDR, background diabetic retinopathy; hs-CRP, highsensitivity C-reactive protein; PDR, proliferative diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy. Elevated hs-CRP level was associated with increase in age and duration of diabetes in the DR and control groups. The mean hs-CRP level in well-controlled patients (HbA1c ≤7) was 0.6 and 0.26 in DR and control groups, respectively, while in the poorly controlled group (HbA1c >7), it was 3.32 and 0.37, respectively ( (Table 3) . The number of patients with albuminuria were highest in the PDR group (72.72%). The highest hs-CRP levels (6.46 mg/L) and the lowest hs-CRP levels (1.1 mg/L) were observed in the control group (Table 4 ). Data shown as mean (SD), unless otherwise specified. BDR, background diabetic retinopathy; hs-CRP, high-sensitivity Creactive protein; PDR, proliferative diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy; SD, standard deviation.
DISCUSSION
In this study, the fundii of 40 patients were examined and categorized based on their grade of retinopathy as per the Kanski system of classification. The grades of diabetic retinopathies of these patients and their mean serum hs-CRP levels were compared with various parameters such as patient age, gender, diabetic age, and glycemic control. The results depict a significant association of hs-CRP levels with DR in patients with T2DM. Glycemic control, age, and HbA1c levels (p<0.05) were significantly associated with hs-CRP levels in patients with DR. Advanced stages of DR showed a trend of increase in hs-CRP level and albuminuria, suggesting hs-CRP to be a vital indicator of retinal and chronic inflammatory diseases considering that its production upsurges in response to any infection, injury, or autoimmune inflammatory diseases.
Advanced stage of DR is associated with an increased cardiovascular event independent of other risk factors. 1 Studies have also reported hs-CRP levels to be a potent predictor of impending cardiovascular diseases and diabetic nephropathy. 11 Few studies have demonstrated the association of hs-CRP with the severity of DR; however, the results vary. 12 Findings from this study are in accordance with an Indian study conducted by Gopinath et al, who demonstrated the co-relation of inflammatory process and metabolic control in the pathogenesis of DR and diabetic macular edema as indicated by CRP and HbA1c. 13 A similar study was conducted by Peng et al, in Chinese patients with T2DM (N=1018) and it revealed that not only CRP but also its genetic variants are associated with DR. The mean age of patients with and without DR was 62.48 and 67.37 years, BMI of 24 kg/m 2 and duration of diabetes >10 years. Furthermore, this study showed that women predominated in both the groups, and there was no grouping of patients according to the stages of DR, while the present study showed majority of women without DR. 10 A systematic review and meta-analysis by Song et al. on a series of 3679 patients from 22 studies revealed a potential relationship between CRP level and DR and showed higher blood CRP levels in patients with DR than those without DR. 14 The present study demonstrated that hs-CRP levels in patients with PDR was higher compared with patients with NPDR and PPDR, which is consistent with the findings of Chen et al, and Jia et al, suggesting a positive association of hs-CRP with the severity of DR. 15, 16 Several studies have referred to hs-CRP instead of CRP.
In fact, hs-CRP is CRP that is detected using immunoassay methods to increase the sensitivity for CRP quantification in acute phase responses. 17 Blum et al, conducted a study in a series of 73 patients with diabetes, of which 25 patients showed NPDR stage and 23 patients showed PDR stage. The hs-CRP levels were higher in patients with diabetes than the control group. However, they concluded that patients with diabetes but without retinopathy and those with NPDR had high levels of inflammatory and angiogenic markers, which decreased in patients with PDR. Studies in patients with DR have examined several clinical parameters in NPDR and PDR stage of retinopathy; however, none of the studies looked at the PPDR stage that was investigated in the present study.
Metabolic parameters such as age, duration of diabetes, glycemic control and HbA1c are indicators of manifestation and progression of DR. Duration of disease, insulin resistance, and genetic factors are unalterable components of metabolic control, while improved glycemic control and blood pressure with reduced HbA1c are proven to be efficacious in reducing the levels of hs-CRP resulting in slowing of DR progression. 18 This study showed a positive correlation of 13, 19 Previous research suggests a significant correlation of hs-CRP with metabolic syndrome; however, it is unclear whether controlled metabolic components will reduce hs-CRP levels. 20, 21 Albuminuria is another sensitive marker of severity of DR. The present study showed a positive association of albuminuria with PDR that was in accordance with the results obtained by Rani et al, and Boelter et al. 22, 23 The present study showed a high prevalence of PDR than BDR and PPDR, and the results suggested longer duration of diabetes and albuminuria to be strong predictors of DR. 24 Occurrence of maculopathy was high in the PDR group (54.5%) as compared to the BDR (9.1%) and NPDR (28.6) groups and was found to be absent in control group, while a study conducted by Zander et al. showed that 56% patients in the PDR group maculopathy. 25 Furthermore, literature reports that long duration of diabetes jeopardizes the development of maculopathy in DR.
Previous studies advocate that early diagnosis of T2DM along with a significant control of blood glucose and blood pressure have probably greatly decreased the prevalence of BDR but not in case of sight-threatening PDR. The prevalence of retinopathy is significantly higher in individuals who develop diabetes, even within 3 years of diagnosis. 26 Systolic blood pressure and HbA1c were higher at baseline in the patients who had retinopathy compared with those without retinopathy. On the basis of clinical evidences, it is observed that blood pressure and diabetes frequently coexist resulting in more severe DR; hence, it is recommended that control of blood pressure in patients with T2DM is an important preventive measure for visual loss due to DR. 27, 28 In the present study, systolic and diastolic blood pressure between the groups was not taken into consideration. Although a positive association was observed with serum hs-CRP levels and the grades of retinopathy, the question remains whether raised hs-CRP level is a cause or just an effect of chronic endothelial damage. Studies with larger sample size are required to clearly delineate the role of serum hs-CRP in the causation of microvascular complications of diabetes.
This study was limited by small sample size due to inclusion of patients from a single center; hence, the caution must be taken when generalizing these results. A larger sample size at multiple centers with inclusion of various age and ethnic groups may have depicted different trends.
CONCLUSION
This study revealed that patients with severe grades of retinopathy had significantly higher levels of serum hs-CRP compared to the patients with milder grades. A significant association was observed between duration of diabetes, poor glycemic control, HbA1c levels, and albuminuria at different stages of DR.
